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Further Implications of Mundy-Castle's Correlations 


petween EEG and Wechsler-~Belleyue Variables 


Abstract 


Factor analysis is re-applied, using relatively more rigorous methods, 
to a 15 x 15 correlation matrix reported by Mundy-Castle and containing 11 
Wechsler-Bellevue subtest variables, 2 EEG variables, age and occupational 
level, for a sample of 34 employees of the South African National Institute 
for Personnel Research. Six common factors were extracted and subjected to 


orthogonal rotation in search of meaningful simple structure. 


Two age-related factors were found and respectively identified as 
"Experience" and "Deterioration." (Factors I and II.) 


Within the residual four-space, the vectors for alpha Frequency in 
the EEG and Digit Span performance in the W-B were found to be comparable. 
(Factor III.) This result is discussed in relation to the excitability 
cycle hypothesis, primary vs. secondary function, and externalization vs. 
internalization. 


The vector for alpha Index was found to have a near perfect commu- 
nality in the residual three-space, and is interpreted as measuring (inverse-~ 
ly) strength of "Conditioned Attentiveness." (Factor Iv.) Picture Comple- 
tion in the W-B is judged to depend partially on this factor. 


The remaining two factors are of minor interest since they are probably 
mixtures of things that could not be distinguished in this study using only 


15 variables and 34 cases. 


It is suggested that a proper interpretation for common factors, when 
there have not been enough variables to preclude the existence of specific 
factors, is in terms of dynamic mechanisms presumptive of a cause-effect 
relationship between loaded variables, rather than in terms of hypothetical 
underlying variables. Factors I, IV, and V can be used to illustrate this 
principle. 
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Further Implications of Mundy-Castle's Correlations 


between EEG and Wechsler-Bellevue Variables 


The general hypothesis that stable relationships exist between certain 
aspects of "intelligence" and certain aspects of the electroencephalogram 
(EEG) is inherently plausible. In an effort to spell out more specifically 
the possible nature of such relationships we were led to consider a report 
by Mundy-Castle (26), based on data that are directly relevant to the 
general hypothesis. Mundy-Castle describes the results of a factor analy- 
sis of a correlation matrix involving both EEG and Wechsler-Bellevue sub- 
test (W-B) variables, and exhibits evidence which is at least indicative 


of the existence of some relationship. 


Unfortunately, when we tried to use these reported results in order 
to spell out more precise and testable hypotheses, we were forced to recog- 
nize the presence of logical and computational mistakes in the design and 
execution of Mundy-Castle's factor analysis. Since these are of such a 
nature as to be fairly obvious to one familiar with conventional procedures 
for factor analysis, there is some danger that the value of the reported 
data will be unduly discounted on these grounds. 


It is the purpose of this paper to describe the procedures, the re- 
sults obtained and an interpretation of these results for a completely 
independent factor analysis of Mundy-Castle's data, commencing from the 
previously reported correlation matrix. This material is preceded by 4 


summary and critique of Mundy-Castle's reported results. 


Mundy-Castle's Results 

On the basis of a variety of theoretical and empirical considerations, 
Mundy-Castle was led to seek in the files of the South African National 
Institute for Personnel Research (NIPR) for the records of any individuals 
who had been subjected to EEG observation and who also had completed the 


= This research was supported by the Society for the Investigation of 


Human Ecology. 


ASUadI] SUOWIUIOD aATRaID aqvordde oy) Aq poutoaos are saponie yO ‘asn Jo sans Joy Arerqry] aurpuC Ae{1A\ Uo (suoMIpuod-pue-suLIayuIOs Kaji Arerqyautuo//:sdny) suoMIpuog pue suLIay at 29g “[ZZOZ/Z1/6Z] UO Arerqry] UTJUG APTI AA ‘X°6LZ00G) 6S6 I POS8-ELET YZOOI 0 [/lop/uios Aaya Arerqueuluoy/:sdny wos pepropumog ‘Z “6S61 ‘POSSEEET 


SD re 


South African version of the Wechsler-Bellevue Intelligence Scale. A 
total of 25 female and 9 male cases was found, all but three of whom 

were employees of the NIPR in various professional and sub-professional 
categories. While both the EEG and W-B data had been previously collected, 
these had been gathered independently by different workers for other pur- 
poses and the observations had not previously been correlated. For some 
of the subjects, as much as 18 months intervened between the collection 

of the two kinds of data. 


Product-moment intercorrelations were computed for 18 variables, and 
were reported to three decimals (26). These values are reproduced in our 
‘Table 1. Means and standard deviations for most of the variables (28) 
are also reported in Table 1. The first 11 variables are the W-B subtests, 
which may be described as paralleling their American counterparts (40), as 
follows: 

Information (I) 
Comprehension (C) 
Arithmetic (A) 
Digit Span (D) 
' Similarities (S) 
Vocabulary (Vv) 
Picture Completion (PC) 
Object Assembly (OA) 
Block Designs (BD) 
Digit Symbol (DS) 
11. Picture Arrangement (PA) 
The next three variables are also derived from the W-B by well-known, 
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standard procedures. They are: 

12. Verbal Intelligence (VIQ) 

13. Performance Intelligence (PIQ) 

14. Total-Scale Intelligence (TIQ) 
Variables 15 and 17 are derived from the EEG records, and are measures of 
the mean frequency of the observable occipital alpha rhythm when the sub- 
ject is relaxing with his eyes shut under what are taken to be standard 
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conditions, and of the percentage of time that such a rhythm is observ- 
able. (An alpha wave may be defined as any wave which is in the frequency 
range 8 - 13 cycles per second and which is of relatively high amplitude. ) 
Thus we have: 

15. Alpha Frequency (oF) 

16. Chronological Age (Age) 

17. Alpha Index (af) 
The final variable is referred to in Mundy-Castle's tables as "Occupational 
Seniority" but is described in his text as a "five-point classification of 
occupational level," presumably reflecting a status hierarchy within the 
NIPR. Thus: 

18. Occupational Level (OL) 


Mundy-Castle then reports applying the Thurstone complete centroid 
method of factor analysis to this matrix, stopping after five factors and 
reiterating the entire analysis once in order to stabilize the communality 
estimates. This was followed by orthogonal rotation toward simple struc- 
ture, ending with the results that are reproduced in our Table 2. This 
table gives the correlation of each variable with each of the five rotated 
factors, together with the communality obtained for each variable and a 
measure of the importance of each factor in accounting for variance. (The 
latter values have been computed by us as the sums of squares of factor 


loadings for each factor, excluding VIQ, PIQ, and TIQ. ) 


. Mundy-Castle offers the following “tentative interpretations" of 
these factors: 
A: Visual-concrete aspect of intelligence. 
B: Verbal-abstract aspect of intelligence. 
C: Age component in intelligence. 
D: Temperamental component in intelligence (central excitability 
factor). 
E: Not interpreted. 
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Table 2. 


MUNDY -CASTLE'S ROTATED FACTOR MATRIX 


1.757 


1.027 


8.305 
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Critique of the Previous Analysis 


Superficially, the most plausible point for possible criticism of 
Mundy~Castle's analysis is his use of so few cases. Certainly 34 cases 
is a comparatively small number, and certainly it would have been desira-~ 
ble to use any additional cases that might have been found. Nevertheless, 
it is very much within the realm of possibility for these data to deter- 
mine five or even more than five factors. If an efficient and rigorous 
method of factor extraction is employed, there will be appropriate tests 
of statistical significance for the number of factors, and we would nor- 
mally prefer to see the results of such a significance test as the basis 
for any judgment of this kind. 


_ A second likely point for criticism is the decision to include VIQ, 
PIQ, and TIQ in the factor analysis, along with all the other variables 
from which they are computed. This is a much more serious flaw than 
simply the use of few cases. One effect of including these measures, 
which are dependent on other included measures, is to bring not only the 
specific factors for the W-B subtests into the common-factor space, but 
also their errors of measurement. Regardless of what Table 2 may show, 
the communalities for all 13 of the W-B variables involved in these inter-~- 
dependencies should have been found to be virtually unity. (Vocabulary 
appears not to have been used in the IQ computations.) Of course, it also 
follows that one would expect to extract at least ten factors in order to 
use up this much communality for all of the W-B variables, whereas only 
five have been extracted. However, it seems clear that the communality 
estimates of the 13 implicated W-B variables have been undesirably in- 
flated by this mechanism, and that the communality estimates for the five 
remaining variables do not merely suffer by comparison but have actually 
been systematically deflated. This deflation is a necessary concomitant 
effect, since the factor matrix has to predict the correlations between 
W-B and non-W-B variables at about their observed values in Table 1. Thus, 
the significance of the non-W-B variables may have been seriously under~ 


estimated! 
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A corollary and still more disquieting consequence of the inclusion 
of VIQ, PIQ, and TIQ is that this may have led to the extraction of too 
many factors, since this would be the only way to use up very much of the 
surplus communelity. Published factor analyses of the W-B subtests based 
on commmality estimates and even using much larger samples have usually 
yielded only three factors (1, 4, 6, 7, 16, 17, 18, 19, 20, 37). This 
would seem to place the burden of proof on the present data to demonstrate 
that three factors are actually insufficient, but the possibility of pro- 
viding such proof has been frustrated by the inclusion of the experimen- 
tally dependent variables in the correlation matrix that has been factored. 
It was primarily in view of this possibility, and with the suspicion that 
three or four factors at most would suffice, that we felt the necessity of 
performing a completely independent factor analysis of the reported inter-~- 


correlations. 


On the other hand, we must note that several recent factor analyses 
have found evidence for more than three factors within the Wechsler battery 
of eleven subtests. Cohen (8, 9, 10) reports a number of analyses with. 
five factors, Davis (13)-réports a ten-factor structure in which every 
factor is correlated with one or more of the W-B subtests, and Saunders 
(33, 34) reports that the WAIS battery alone spans at least ten significant 
dimensions, even with the Vocabulary test excluded. The only interpreta- 
tion consistent with all of the reported data is one which emphasizes the 
reliable unique variance of each subtest; whenever a sufficient number of 
variables have been included in a factor analysis involving Wechsler sub- 


tests, these uniquenesses in the subtests have asserted themselves. 


In this context, the question must therefore be raised as to the 
meaning of factors extracted from a matrix that is not large enough to 
permit separation of these uniquenesses. This is precisely the situation 
behind the factors which have traditionally been interpreted in terms of 
underlying "primary abilities"; the typical three factors have usually 
been labelled as verbal, numerical and performance skilis, or something 


meaning the same thing. Factors appearing to warrant these labels have 
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been found with a high degree of regularity. An alternative interpreta- 
tion is possible, however, which is that the particular patterns of load~ 
ings found for these factors reflect the existence of certain modal 
mechanisms governing the ates interplay of distinct mental functions. 
In other words, remembering that a factor is merely a theoretical con- 
struct whose utility is to facilitate explanation of intercorrelation in 


a@ variety of situations, it is just as reasonable to regard some of the 


factor loadings as being caused by others, as to regard them all as mani- . 


festations of some hypothetical underlying variable which “is" the factor. 
It is quite conceivable, moreover, that some of the intervening portions 
of a given dynamic mechanism are not present in a particular instance 
among the observations subjected to factor analysis. Such dynamic mecha- 
nisms, if they exist, will be of as much interest to personality theorists 
as to anybody. 


The prospective interpretation of factors emerging from smaller 
matrices as dynamic mechanisms involving distinct functions, rather than 
as functionally unitary entities, has several notable advantages. First, 
it circumvents the necessity of inventing any name for the hypothetical 
entities, and can account for the great difficulties often encountered in 
efforts to build even one “pure” test for such an entity. Second, it can 
account for the disappearance of these entities in factor analyses which 
have embodied larger numbers of variables, i.e., they are at least rele- 
gated to second-order status and may disappear altogether, in any event 
altering the apparent nature of the results. Third, it anticipates that 
factor patterns may change as a function of moderator variables (31), such 
as age, for example. While the meaning of an underlying ability should 
remain constant, the personality mechanisms that are available to adults 


and accepted in adults by others are not the same as those for children. 


= “Dynamic” is a word with varied connotations among psychologists. We | 
use it simply as an engineering term referring to the constantly changing 
resolution of forces within a mechanical system that is doing something. 
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Fourth, it can account for the complete disarrangement of the typical 
three-factor pattern even in adults when samples atypical of the general 
population are chosen, whereas, if a factor simply reflects a structural 
entity, no manner of selection can cause its constituents to become sepa- 
rated. Fifth, it leads directly to the design of studies aimed at de- 
termining the direction of the cause-effect relationships within partic- 
ular dynamic mechanisms, and to the eventual identification of certain. 
ee eye measures as being relatively more fundamental than 


others. 


In view of the strongly biased nature of Mundy~Castle's sample of 
‘subjects, and the relatively small] number of operationally independent 
measures available for his sample, factor analysis of the data should be 
undertaken only with the expectation of depicting an atypical set of in- 
teresting adjustment mechanisms, and perhaps of gaining information sug- 
gesting that certain specific Wechsler subtests are as fundamental as the 
EEG. Such suggestions would serve to spell out our general hypothesis. 
We do not expect to prove anything, unless it be the feasibility and . 
desirability of obtaining further results in this area. 


Procedure for Reanalysis 


The correlation matrix that we have factored contains 15 of the 18 
variables reported by Mundy-Castle, and may be abstracted from Table 1 
simply by omitting VIQ, PIQ, and TIQ. Following the procedure suggested 
by Wrigley (41), zero was used as the initial communality estimate for 
each variable. Factors were then extracted using the principal axis 
method and an electronic computer. The factor analysis was reiterated a 
total of twelve times using successively improved communality estimates. 


Following each iteration, as many factors were accepted as significant as 


3 The points outlined in this paragraph appear not to be generally recog- 


nized, even by factor analysts. Proper treatment of these issues as issues 


obviously requires much more space than is available here, and would be 
merely tangential to the purpose of this paper. 
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yielded positive latent roots greater in magnitude than the largest nega- 
tive latent root in the same set; this rule-of-thumb led unambiguously 

to the final acceptance of six factors. Imasmuch as the "reality" of the 
situation probably calls for st least ten factors from the Wechsler tests 
alone (33, 34), and there is no prospect of determining this many factors 
with so few variables, we do not report any statistical test of signifi- 


cance for the number of factors. 


The unrotated factors resulting from this factor analysis are reported 
‘in Table 3, in order of their decreasing contribution to variance. It will 
be seen that the six factors taken together account for approximately two- 
thirds of the total variance of the 15 measures included in the analysis. 
However, the communalities of the variables range widely, from a low of 
0.156: to a high of 0.993. 


The factors were initially rotated according to the quartimax crite~- 
rion for simple structure (29). However, since the quartimax procedure is 
completely blind, it was not expected to yield the most generally meaning-~- 
ful positions for the axes. Particularly in a matrix with so few variables 
as the present one, and which had not been designed as a factor analysis 
from the start, any purely objective formulation of simple structure is 
capable of capitalizing upon the absence of relevant variables from the 
study, and of presenting the investigator with a result that is too simple 
to be sustained in cross-validation in a broader context. While we would 
maintain that a meaningful rotation in factor analysis should normally be 
expected to exhibit a degree of simple structure, we do not believe that 
it is sufficient to focus on this as the sole basis for rotation in an 
exploratory study. 


Accordingly, other rotational positions were explored by formulating 
hypothesized patterns of factor loadings and seeing in each.case how 
closely the data could be brought into conformity with the hypothesis (35). 
The results reported in Table 4 were judged to yield a satisfactory in- 
terpretation of factors, in addition to exhibiting a satisfactory simple 
structure. Since the factors in Table k contribute about equally to the 


total variance of the factor matrix, they have been arranged and numbered 
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Table 3. 


PRINCIPAL COMMON FACTORS 


F, Fy 
ohy 101 
188 -117 
056 -039 
343 -174 
182 -167 
191 132 
518 067 
290 7331 
477 -196 
010 190 
189 615 
756 -018 
101 223 

-396 -561 
-063 499 


ee 
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Table 4. 


FINAL ORTHOGONAL FACTOR MATRIX 


II 


III 


L.4U77 


1.599 


1.391 


9.992 
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in an order that will facilitate discussion. Table 5 reports the trans- 
formation matrices relating the final rotated factors to the principal 


axes and to the quartimax axes. 
Discussion 


Since it is our judgment that Table 4 contains the most meaningful 
factorial representation of Mundy-Castle's correlation matrix, we pro- 


pose to organize our discussion in terms of this particular set of factors. 


Factor I: This factor is very similar to Mundy-Castle's Factor C, 
which he identified as the "age component in intelligence.” In every 
rotational solution we examined, this is the dimension which accounted 
for more variance than any other. For a number of reasons, we prefer to 


regard Factor I as primarily an experience factor. 


Certainly it is clear that not all of the recognized effects of age 
are subsumed within this factor. Some such effects will be seen to fall 
in Factor II, which we shall discuss next. Others may be seen to fall 
within what is, in this context, a specific factor, whose existence may 
be inferred from the wide gap between the commmelity of .581 for age and 
the substantially perfect reliability with which it is normally measured. 
There may be some unreliability for age in this study since the W-B and 
EEG data were not collected in a constant time relation to each other, but 
this could not account for as much unreliability as would have to be pos- 
ited in this situation. 


The concept of experience seems sufficiently broad to account in 
obvious fashion for all but one of the loadings on this factor, including 
those that are near zero as well as those that are high. The loading for 
alpha frequency is the only possible contradiction for this interpretation. 
However, despite our efforts to eliminate this loading, we were not able 


to find any satisfactory simple structure without it. At least two possible 


explanations of this situation may be suggested. One might be that there 
is a separate relation between alpha frequency and age that has become 
confounded with this factor because of the impossibility of distinguishing 
enough distinct factors with only 15 variables. Such a relation is known 
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TRANSFORMATION MATRICES 
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to exist prior to age 15 or so (38) and, with opposite sign, beyond age 
30 or so (14). At the age level of this sample there should not be any 
marked relation between alpha frequency and age as such. An alternative 
explanation might be that possession of a high alpha frequency actually 
does contribute to the efficiency with which time may be utilized to gain 
experience, and that.alpha frequency is in this sense an integral part of 
an elaborate dynamic mechanism of the sort suggested above. The latter 
alternative is certainly consistent with the increasingly well-documented . 
hypothesis that the alpha rhythm controls or reflects a master excitabil- 
ity cycle related to perception (5, 15, 21, 22). A higher frequency im- 
plies more cycles per second and each cycle may in some manner imply ac- 
complishment of one unit of "perceptual work." In view of the availabil- 
ity of this alternative interpretation, we are content to identify Factor 


I as experience. 


Factor II: Mundy-Castle's Factor B comes closest to this factor in 
his solution, but comes equally close to our Factor IV and is not a true 
match for either one. In an attempt to pivot a single factor on the age 
variable, this factor was deliberately merged with the first factor in a 


rotational trial which was then rejected as inadequate. 


It seems clear that Factor II may be regarded as a deterioration 
factor. The four tests utilized by Wechsler as "don't hold" for the pur- 
pose of computing mental deterioration (40, pp. 65-67) are strongly nega- 
tively loaded on this factor, while all of the other tests have zero or 
possibly even positive loadings. It is of particular interest to note 
that neither of the EEG measures is related to this factor--an observation 
that seems to lend further support to our preferred interpretation of 
Factor I for, if we were concerned with a separate relation of age and alpha 


frequency, we should expect to find the latter loading both age-related factors. 


Factor III: This factor seems to fall in Mundy-Castle's results about 
midway between his Factors A and D. Our Factor VI also appears to fall in 
the plane of Mundy-Castle's A and D, and it is of some interest to examine 
the factor-plot of Factor III with Factor VI, as shown in Figure l. 
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III 


Figure 1. 
LOADINGS ON FACTORS III AND VI 


a bi pe 


Alpha frequency, Object Assembly performance, and Digit Span per- 
formance provide the three highest loadings for Factor III. Holding the 
effects of aging and experience constant, i.e., ignoring Factors I ana 
II, all the important residual relations of these three highly loaded 
variables are depicted in Figure 1. From the figure it is apparent that 
Digit Span, rather than Object Assembly, provides the W-B measure most 
nearly comparable with alpha frequency. “This seems to us the most im- 
portant single result latent in Mundy-Castle's data, but one that was 
substantially obscured by the combination of influences affecting his 


analysis. 


Immediate support for this conclusion is afforded by the finding of 
Shure and Holtzer (36), employing analysis of variance techniques and a 
sample of several hundred hospitalized males, that alpha frequency was 
significantly related only to Digit Span end Arithmetic among the W-B 
tests. The significance levels attained for Digit Span were considerably 
higher than those for Arithmetic; assuming D and A to have been correlated 
in his sample, holding D constant could also eliminate the significant 
effects observed using A. 


It would appear from both these results that Digit Span may be meas~ 
uring some mental function that is relatively fundamental and that this 
function may be of the same order of fundamental-ness as the alpha frequency 
observed in the EEG. Indeed, it is possible to formulate the meaning of 
Digit Span performance in terms that are highly suggestive of a direct 
relationship between it and alpha frequency, still regarding the alpha 
rhythm as a master excitability cycle controlling perception. Such a 
formulation requires a preliminary digression into the psychological nature 
of the Digit Span task beginning with the following distinction between 


"externalizing" and "internalizing": 


"The task presented by Digit Span can be approached in two fundamen- 
tally different ways. One common way is for the subject to try to visual- 
ize the digits as though they were written on some blank surface available 
to him, be it a piece of paper, the wall of the room, the inside of his 
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eyelids, or what have you. Another common way, representative of the al- 
ternative approach, is for the subject to regroup the digits so that there 
are relatively fewer numbers to be kept in mind. The important difference 
between these two approaches is that one of them deals with the digits as 
if they only existed ‘out there,' while the other spontaneously accepts... 
them internally. This is but one of several correlative distinctions that 
can theoretically be drawn between one person who is an ‘externalizer' and 
another who is an 'internalizer.' For example, the externalizer has a 
relatively stronger 'need' for other people in his environment and will 
tend to seek interpersonal involvements. (‘The internalizer's rationaliza- 
tion would be that the presence of others helps the externalizer by hold-~ 
ing before him aspects of reality which he would otherwise have to hold in 
his own mind. )...The externalizer's approach is naturally concrete and 
specific, while the internalizer's is naturally abstract and unconfined by 
the boundaries and attributes of a particular stimulus configuration.” (32) 


At this point it will be obvious to readers who are familiar with 
Mundy-Castle's use of the concepts of "primary function" and "secondary 
function" (3) that our externalizer is relying on primary function and 
our internalizer is relying on secondary function. To continue the quota- 
tion: 


"Digit Span is useful as a personality test because, other things 
being equal, internalizers do better on. it than externalizers....The 
phenomenon of differential performance may be readily verified by inter- 
viewing subjects, provided one is alert to certain complications aris- 
ing in individuals who are strongly compensated in this area....In un- 
compensated cases, the interview report will correlate quite well with the 
deviation of the individual's Digit Span performance from his [profile].... 
However, most compensated externalizers quickly become aware of the fact 
that their natural approach through visualization is not working very well. 
Sooner or later they will shift their approach to one that looks more char- 


acteristic of an internalizer...." 
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Mundy-Castle reports a correlation of +.46 between ratings of usage 
of primary function and alpha frequency, for a sample of 40 cases similar 
to that used in the present study (24) and even overlapping it to the ex- 
tent of 11 cases (28). Factor III, in turn, associates alpha frequency 
with high performance on Digit Span, which we have reason to interpret as 
internalization. Thus, empirically, ratings of primary function appear to 
be identified with internalization, and we emerge with a discrepancy in 
the signs of the various interrelationships. This discrepancy can be at- 
tributed to the fact that Mundy-Castle's samples are bound by their nature 
to involve a high average level of compensation, with more over- than under- 
compensated cases. The relatively high mean WIS score for Arithmetic, shown 
in Table 1, would support this attribution (32). This fact, coupled with 
the known difficulty, in any form of rating, of distinguishing the moti- 
vational basis of behavior from the behavior itself, suggests that the 
ratings were simply insufficiently penetrating. Behavior in an overcompen~ 
sated group would be expected to show a negative correlation with its moti- 
vational base. In such a group, the majority of the externalizers will be 
striving with considerable success to look like internalizers, and vice 


versa. 


We conclude, therefore, that the conceptual equivalence of external- 
izer versus internalizer and primary versus secondary function is consist- 
ent with the relationships that their measures have shown with alpha fre- 
quency, and that the conceptions may be appropriately blended with each 
other and with the excitability cycle hypothesis for the alpha rhythm. 
Further validation of this conclusion must now be sought. 


The very substantial loading on Factor III for OA may not be interpreted 


without making some sort of assumption as to the meaning of OA. We have 
discussed OA elsewhere (32, 33, 34), regarding it as particularly sensitive 
to the influence of anxiety arising from situational uncertainty. Since 

it is relatively very unlikely that an externalizer lacking in this anxiety 
would seek employment in any sort of academic environment, we are able to 


account for the appearance of OA on this factor as an artifact stemming 


from the type of sample used. 
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Factor IV: This factor is similar to Mundy-Castle's Factor B, as 
was our Factor II. In view of the loading of .966 for alpha Index it is 
obvious that aI is this factor, and we may place some confidence in this 
result because of the relative care exercised in communality estimation 
for this analysis. What is of interest is that QI marks a "common" factor 
in this analysis with W-B tests, involving appreciable loadings for PA, 
PC, and A. It seems most likely that QI may be identified with one of 
the various mental functions tapped by these W-B tests, and that the other 
tests involve functions that are related only because of a dynamic 


mechanism prevalent in the selected sample. 


One of the most striking features of the alpha rhythm is its tendency 
to become "blocked" when the individual is alert and attending to an ex- 
ternal stimulus (27). This is why the EEG is typically studied in indi- 
viduals who, while awake, are relaxing in a quiet room with their eyes 
shut. The blocking phenomenon is consistent with the excitability hypoth- 
esis; the intrusion of a prominent stimulus simply desynchronizes the 
rhythm to produce @ more uniform level of attention. Alpha Index, then, 
is simply the proportion of time during which the resting alpha rhythm is 
unblocked and is observable instead. 


The alpha rhythm is also observed to disappear, as though blocked, 
in individuals who are engaged in solving mental arithmetic problems (25, 
27) or who are paying attention inwardly for other reasons (2). 


Finally, it is known from animal and human experiments that the alpha 
blocking response may be conditioned (11, 23), although maintenance of the 
blocking response may also be subject to certain adaptation effects (12), 
We may conclude, therefore, that Of measures (inversely) a conditioned or 
habitual tendency of the individual to pay attention, either to external 


stimuli or to internal processes, 


We may now consider which, if any, of the three W-B tests loading this 
factor measures the strength of this "conditioned attention," and which have 
loadings merely because they happen to reflect motivational or other influ- 


ences on the conditioning process. Rapaport's description of "concentration," 
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particularly as it applies to FC (30, pp. 230 ff.}, appears to provide 
a tenable psychological identification for Factor IV. While it has been 
shown that PC actually subsumes three different factors (34), including 


"maintenance of contact," "maintenance of perspective," and "effect of 
uncertainty," the latter is also present in OA and its variance in the 
present sample is probably in Factors III and VI. The former two may be 
regarded as different qualities of attention and may be related to the 
question of inward versus outward direction of attention that was left un- 
resolved above. Smykal and Wilson's study of the effect of electrocon- 
vulsive therapy (ECT) on the W-B indicates that the most pronounced effect 
is an improvement in PC performance (39); ECT, may easily be regarded as 
an attempt at one-trial conditioning, for the purpose of improving the 


patient's attentiveness to psychotherapy and to other appropriate material. 


Factor IV appears, then, to be a second-order factor of "concentra- 
tion" or "conditioned attention,” marked by the Of variable, and that will 
require analysis of a larger matrix for clarification of the first-order 


relationships. 


More extensive interpretation of this factor would appear to require 
some assumption regarding the meaning of PA, which we prefer to avoid 
since it would have no direct bearing on our discussion of either of the 
two EEG variables included in this study. 


Factors V and VI: These two factors are not unimportant, but they do 
not present any loading for either oF or aI which we would want to under- 
stand. Factor V is marked by the residual vector for OL, and can be inter- 
preted as depicting the differential ability patterns at the extremes of 
the NIPR occupational hierarchy. Factor V is very similar to Mundy-Castie's 
uninterpreted Factor E, differing principally in the reported sign of the. 
loading for OL relative to the rest of the factor. Factor VI is a bi-polar 
factor contrasting BD (and its customary twin, 0A) with V; we would normally 
have expected these two to provide independent factors, given a sufficient 
number of variables in the overall factor problem. 
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Summary 


Factor analysis is re-applied, using relatively more rigorous methods, 
to a 15 x 15 correlation matrix reported by Mundy-Castle and containing 11 
Wechsler-Bellevue subtest variables, 2 EEG variables, age and occupational 
level, for a sample of 34 employees of the South African National Institute 
for Personnel Research. Six common factors were extracted and subjected to 


orthogonal rotation in search of meaningful simple structure. 


Two age-related factors were found and respectively identified as 
"Experience" and "Deterioration." (Factors I and II.) 


Within the residual four-space, the vectors for alpha Frequency in the 
ERG and Digit Span performance in the W-B were found to be comparable. 
(Factor III.) This result is discussed in relation to the excitability 
cycle hypothesis, primary vs. secondary function, and externalization Vs. 


internalization. 


The vector for alpha Index was found to have a near perfect communality 
in the residual three-space, and is interpreted as measuring (inversely) 
strength of "Conditioned Attentiveness." (Factor IV.) Picture Completion 
in the W-B is judged to depend partially on this factor. 


The remaining two factors are of minor interest since they are probably 
mixtures of things that could not be distinguished in this study using only 


15 variables and 34 cases. 


It is suggested that a proper interpretation for common factors, when 
there have not been enough variables to preclude the existence of specific _ 
factors, is in terms of dynamic mechanisms presumptive of a cause-effect 
relationship between loaded variables, rather than in terms of hypothetical 
underlying variables. Factors I, IV, and V can be used to illustrate this 


principle. 
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